Objective-To analyse profiles of coronary artery flow velocity at rest in patients with aortic stenosis and to determine whether changes of the coronary artery flow velocities are related to symptoms in patients with aortic stenosis. Design-A prospective study investigating the significance of aortic valve area, pressure gradient across the aortic valve, systolic left ventricular wall stress index, ejection fraction, and left ventricular mass index in the coronary flow velocity profile of aortic stenosis; and comparing flow velocity profiles between symptomatic and asymptomatic patients with aortic stenosis using transoesophageal Doppler echocardiography to obtain coronary artery flow velocities of the left anterior descending coronary artery. Setting-Tertiary referral cardiac centre. Patients-Fifty eight patients with aortic stenosis and 15 controls with normal coronary arteries. Results-Adequate recordings of the profile of coronary artery flow velocities were obtained in 46 patients (79%). Left ventricular wall stress was the only significant haemodynamic variable for determining peak systolic velocity (r = -0-83, F = 88 5, P < 0.001). The pressure gradient across the aortic valve was the only contributor for explaining peak diastolic velocity (r = 0 56, F = 20-9, P < 0.001).
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Controls and asymptomatic patients with aortic stenosis (n = 12) did not differ for peak systolic velocity [32.8 (SEM 9.7) v 27-0 (8.7) cmls, NS] and peak diastolic velocity [58-3 (18.7) v 61'9 (13.5) cmls, NS]. In contrast, patients with angina (n = 12) or syncope (n = 8) had lower peak systolic velocities and higher peak diastolic velocities than asymptomatic patients (P < 0.01). Peak systolic and diastolic velocities were -7 7 (22 5) cm/s and 81'7 (17.6) cmls for patients with angina, and - (22. 3) cmls and 94*0 (20.9) cmls for patients with syncope.
Asymptomatic patients and patients with dyspnoea (n = 14) did not differ. Conclusions-Increased pressure gradient across the aortic valve and enhanced systolic wall stress result in characteristic changes of the profile of coronary flow velocities in patients with aortic stenosis. Decreased or reversed systolic flow velocities are compensated by enhanced diastolic flow velocities, particularly in patients with angina and syncope. This characteristic pattern of the profile of coronary artery flow velocities in patients with angina or syncope may be useful for differentiating those patients from asymptomatic patients.
(Heart 1996;75:377-383) Keywords: aortic stenosis; coronary artery flow; Doppler echocardiography Angina is a common symptom in patients with aortic stenosis.' In the absence of obstructive coronary artery lesions, angina has been attributed to the imbalance of oxygen supply and consumption.2 In support of this assumption, abnormal coronary artery flow reserve has been reported in patients with aortic stenosis. Furthermore, changes of the coronary artery flow or flow velocity profile were described using angiography, Doppler catheters, epicardial Doppler echocardiography, and transthoracic Doppler.47 However, these changes in coronary artery flow have not yet been correlated to symptoms in patients with aortic stenosis. This paper draws on the hypothesis that patients with aortic stenosis have characteristic changes of the profiles of the coronary artery flow velocities at rest and that these changes are correlated with symptoms.
Methods

PATIENT POPULATION
Patients with a mean pressure gradient across the aortic valve of at least 25 mm Hg, determined by Doppler echocardiography, and stable clinical condition were selected for this prospective study. Exclusion criteria included: significant coronary artery disease (> 50% coronary artery stenosis), as determined by coronary angiography; combined aortic valve disease, with more than mild aortic regurgitation or disease of the other cardiac valves; a history of arterial hypertension; significant restrictive or obstructive lung disease; anaemia (< 12 g/dl Hb); clinical evidence of peripheral vascular disease; atrial fibrillation and bundle branch block; and inadequate transoesophageal Doppler studies. The study group consisted of 58 consecutive patients with aortic stenosis whom we were studying to determine the value 377 group.bmj.com on May 28, 2017 -Published by http://heart.bmj.com/ Downloaded from of multiplane transoesophageal Doppler echocardiography for measuring aortic valve area. There were 27 men and 29 women (mean age 67-9, SEM 8&4, years). All patients were in sinus rhythm. Thirty six patients had no medication. In the other 22 patients all specific cardiac drugs were stopped. On enrolment to the study a history and physical examination was performed. Patients were questioned specifically about symptoms of angina, syncope, and dyspnoea on exercise. Fifteen asymptomatic patients without heart disease, who underwent transoesophageal echocardiography to exclude a cardiac source of embolism, served as a control group. There were eight men and seven women in this group (mean age 67-5, SEM 14-8, years The continuous wave Doppler transducer of the ultrasound probe was used to determine the pressure gradient across the aortic valve. Mean aortic gradients were calculated from five representative beats using the simplified Bernoulli equation, by averaging the peak gradients over the systolic ejection period."
Transoesophageal echocardiography was performed to visualise the left anterior descending coronary artery and to obtain the flow velocity signal by pulsed Doppler echocardiography. The left coronary artery was imaged according to previously published guidelines. '4 The sample volume of the pulsed Doppler was positioned distal from the bifurcation of the left coronary artery in the left anterior descending artery and the flow velocity waveform was recorded. Care was taken to obtain both adequate systolic and diastolic flow velocities and to minimise the angle of the incidence of the Doppler beam and the flow. Velocity spectra were transferred as raw digital data to a Macintosh computer. After the original examination the data were assessed further by the evaluation software provided by the manufacturer (Echodisp, Vingmed Sound) by an investigator who was not aware of the results of the echocardiographic and catheterisation studies. Figure 1 shows a schematic illustration of the profile of the coronary artery flow velocities in a control subject and gives the variables which were measured. These variables included the duration of the heart cycle, systolic and diastolic velocity time integrals, the sum of systolic and diastolic velocity time integrals (net velocity time integral), peak systolic and diastolic velocities, the time from the beginning of the Q wave in the electrocardiogram to the onset of forward systolic flow, and the diastolic acceleration time. Both time intervals were corrected by the square root of the duration of the heart cycle. The results of five consecutive heart cycles were averaged in each patient. Figure 2 is an example of the profiles of the coronary artery flow velocities in patients with aortic stenosis. Reproducibility of measurements of coronary artery flow velocities was assessed in eight patients who underwent Doppler evaluations of the profile of coronary artery flow velocities twice, 10 Control subjects had a biphasic coronary flow velocity profile with forward flow throughout both systole and diastole. Reverse flow was not observed. All patients with aortic stenosis had forward diastolic flow. Direction of systolic flow varied: 33 patients had continuous forward flow during systole, 13 patients had reverse flow in systole (fig 2) . Seven of thie latter patients had only reverse flow in early systole. Aortic valve area was positively correlated with peak systolic velocity (r = 0 47, P < 0-05) and peak diastolic velocity (r = 0-30, P < 0-05). Pressure gradient across the aortic valve was more closely correlated with peak systolic velocity (r = -0-69, P < 0-01) and peak diastolic velocity (r = 0-56, P < 0-01) than with aortic valve area (fig 3) . Systolic left ventricular wall stress index was closely correlated with peak systolic velocity (r = 0-83; P < 0-05) and was positively correlated with peak diastolic velocity (r = 0-47; P < 0-05) (fig 4) . Left LVWS (dyne/cm2) mass index correlated weakly with peak diastolic velocity (r = 0-41, P < 0-05). Ejection fraction did not correlate significantly with either peak systolic velocity or peak diastolic velocity. The systolic velocity-time integral was weakly correlated with systolic left ventricular wall stress index (r = 0-43, P < 0-05), while the diastolic velocity-time integral was weakly correlated with the pressure gradient across the aortic valve (r = 0-4; P < 0-05). Multivariate analysis showed that the systolic left ventricular wall stress index was the only significant factor for determining peak systolic velocity (F = 88-5, P < 0-001), while the pressure gradient across the aortic valve was the only factor that might explain peak diastolic velocity (F = 20-9, P < 0-001 The results of our study show that patients with angina also have characteristic changes of the coronary artery flow velocity profile at rest. Increased systolic left ventricular wall stress results in decreased systolic flow velocities, a delayed onset of systolic flow, and attenuated systolic velocity-time integral compared to asymptomatic patients. Despite increased diastolic flow velocities, the diastolic velocity-time integral is not higher in patients with angina than in asymptomatic patients, resulting in a lower net velocity time integral in patients with angina than in asymptomatic patients. As coronary artery flow is determined by the product of cross sectional area of the coronary artery and the net velocity-time integral, adequate coronary artery flow must be maintained by an increase in the cross sectional area of the coronary artery, which endorses the findings of the above mentioned study.
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